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FORBVORD

Xy main purpose for undertaking this study was to learn

all I could in microbiology that would be beneficial to the

U.S. Army. I was sent to Graduate School by the U.S. Army

to attain a Masters in the field of microbiology. During my

first semester at Wayne State University there were not many

courses offered in microbiology and the only way I could

think of to learn a considerable amount about microbiology

was by undertaking a research project. At that time the

Army was also interested in the degradvition of oils and as a

result of this I started this project; looking at the

biodeterioration and biodegradation of metal working fluids.

This project has helped me fulfill the requirements that I

set upon myself; that of learning all I could in the field

of microbiology with respect to biodeterioration and

biodegradation of metal working fluids. This study and

other laboratory work has introduced me to different

techniques, equipment, and media that I would not. have been

exposed to if I had opted to undertake the Plan C Masters.

Thin thesis is written primarily for two audiences: the

U.S. Army and Wayne State University. Thus, it must be
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INTRODUCTION

The work for this Masters Thesis involved the study of

microorganisms in Metal Working Fluids (MXW) and the

fluidized bed reactors involved in their disposal. It was

of interest in determining what bacteria survive in MXW

under different treatments, both chemical and biological,

and during the waste treatment process. These studies

focused on bacteria isolated from XWP and from different

locations in the waste treatment system. Also looked was

the survival of bacteria, under laboratory conditions, after

changes in their environment. The environmental changes

included: changes in pH, biocide concentration (biocides

used were the same ones used in the industrial plant), and

carbon source. All samples used for this study were

collected from a General Motors plant (Delco Moraine New

Departure Hyatt (IDH) plant) in Sandusky, Ohio.

Because of the possibility of future assignment in this

field (biodeterioration and/or degradation of oils) in the

Army, an understand of what was occurring In these

environments was needed by the author. Prom this research

with MW, results from these changes in the environment

could be of interest to the Army. This study also helped one

to understand the effects that changes in the environment

had on the survival of bacteria. The areas of particular

importance to this study were metal working fluids, biocides

and the fluidized bed reactors used.



2

Metal Vorking Fluids

Xetal working fluids are used in many industries today.

Some types of metal working or processing methcds that use

XVF are [3]:

1.) machining and grinding

2.) stamping, blanking, drawing, and spinning

3.) molding

4.) rolling.

The primary function of the MYP is to incr~ase the effi-

ciency of these and other industrial operations. The MVF is

employed for different functions depending upon the type of

machine operation to which it is applied. The two basic

functions which any MVF must perform are (24]:

1.) To remove heat from the cutting tool, work piece

and chips (i.e. to cool).

2.) To reduce the friction between the flowing chips

and the cutting tool, thus reducing the heat

generatad in cutting.

The major benefit from these functions is to improve tool

life. There are also other functions that the XWF must

perform to increase the efficiency of operation. These

include [5]:

1.) provide rust/corrosion protection

2.) lubricate exposed machine tool parts

3.) reduce distortion through cooling

4.) allow for increased tool wpeeds

5.) wash away chips from the work piece/tool interface.
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The type of XVF examined in this study was a water based

XNW. Vith the addition of water to metalworking operations

it has created a more than favorable environment for a

variety of microorganisms. Since XVF is such an excellent

environment for microbial growth, industries working with

XVF are concerned about contamination. The massive amount

of growth of microorganisms in XVF can cause adverse effects

to the industrial operations. Some of the common problems

due to microbial contamination are listed in Table 1 E20.

TABLE 1: PROBLEMS CAUSED BY MICROBIAL

CONTAMINATION

- odor development
- decrease in pH
- changes in emulsion
- increase in corrosion rates
- changes in coolant chemistry
- decreased tool life
- surface-finish blemishes
- clogged filters, screens & lines
- increase work piece rejection rates

Por growth of microorganisms in any environment, certain

physiological and nutritional requirements must be met.

Figure 1, shows the requirements for microbial growth E7].

If any one of these factors is lacking then cell growth

stops. MVF becomes contaminated with microorganisms because

the fluid contains all the required nutrients needed to

suppo'-t microbial growth. Some of the nutrients found in

XVP are listed in Table 2 (203. The mineral oil base
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stocks, glycols, fatty acid soaps, amines, and other

constituents of XV? provide all of the essential nutrients

required for microbial growth. The other requirements for

microbial growth: pH, temperature, pressure, and gases, are

met through the normal operation and maintenance of the XVP.

TABLE 2: NUTRIENTS IN KETAL VORKING FLUIDS

Organic Inorganic
cation:

- mineral waxes - iron

- fatty oil - calcium

- fatty acid soaps - sodium

- synthetic esters - magnesium

- phosphate esters - manganese

- amines
anions:

- sulfate
- chloride
- phosphate

Large populations of microorganisms are readily detected

because of their effects on the fluid or system (see Table

1). Unfortunately, by the time these effects are noticed,

It may already be too late to rescue the system and prevent

further damage. In addition, since microbes are so small

and cannot be seen by the naked eye, the biodeterioration

problem that they cause are often not recognized until it

Is too late £83. The growth of the bacteria in the XV? can

be controlled by the addition of preservatives. The

preservatives that are of interest to this study are

biocides.
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Blocides

Biocides are added to XV? to destroy/inhibit microbial

cells. Some of the ways that biocides react (mode of

action) with the microorganisms are described below. Two of

the biocides used in this study, A and B, are considered

formaldehyde (PA) releasers. This was demonstrated by the

extensive work of Rossmoore at al E22, 231. It was found

that the release of PA from the biocide was essential for

its mode of action on the microbial cells. Vhen PA was

released, it reacted with essential nucleophiles (SH groups

and amines) in the biological environment and then. reacted

with the cells causing loss of viability. Biocide C also

reacts in a similar manner with the nucleophiles.

Another probable mode of action involves the biocide

making contact with the cell envelope and thus gaining cell

entry. Some entry can be contributed to the oil-water

portion of the cell envelope, thus allowing the biocide to

penetrate the lipophilic cell envelope. Some components of

the biocides also have structures similar to the essential

nutrients and metabolites; it is therefore possible to

envision a form of competition for some of them C232. As a

result of the action of the biocide on the microbial cellm,

the cells my stop cell growth and reproduction.

The biocides in this study were used in the XWi in the

General Motor Plant and these are outlined below.

1. Hexahvdro-1.3.5-tris(2-hTdroxvethyl)-s-triazine

(C9H 211303



7

CH 2CH2 OH
STRUCTURE

N

H2 C CH22 2
HOCH2 CH 2N NCH 2 CH20H

EPFICACY: This biocide is an effective antimicrobial

agent that can be used to inhibit the growth of bacteria in

aqueous-based metal working fluids. It is effective against

gram-positive and gram-negative bacteria. It was tested for

efficacy at the recommended concentration of 1500 ppm (parts

per million). The physical properties of this biocide are

listed in Table 3 E13-15] and it is referred to as "Biocide

TABLE 3: TYPICAL PHYSICAL PROPERTIES OP

HEXAHYDRO-lo3,5-TRIS(2-HYDROXYETHYL)-
S-TRIAZINE

- a"tive ingredient (%) 78.5

- inert ingredient (M) 21.5

- color amber

- odor faint amine

2. 1-HvdroxT-2(1H)-Pvridinethion, Sodium malt and

Hexahvdro-1.3.5-tris(2-hvdroxvethvl)-a-triazine

This is a mixture of two other known biocides. The two

components are:
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a. Sodium 2-Ryridinethiol-l-oxide (C4H OSNa)

H
STRUCTURE:

C

HC CH

1 II
HC CSNa

N

0

b. Hexahydro-1.3.5-tris(2-hvdroxvethvl)-s-triazine

(C9H21 03)H See to Biocide A for structure.

EFFICACY: This biocide utilizes a potentially

synergistic combination of an antifungal agent and an

antibacterial agent. It provides pronounced growth

inhibiting activity against gram-positive and gram-negative

bacteria, yeasts, and molds. The antifungal agent is

sodium-2-pyridinethiol- 1-oxide and the antibacterial agent

is hexahydro-1,3,5-tris (2-hydroxyethyl)-2-triazine. This

biocide eliminates the need for adding two antimicrobial

agents. It was tested for efficacy at the recommended

concentration of 1000 ppm. Table 4 lists som of the

typical properties of this biocide C16-183 and It is

referred to as "Biocide B".

I
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TABLE 4: TYPICAL PHYSICAL PROPERTIES I
OF "BIOCIDE B"

Active Ingredient (%) 70

Color amber

3. This biocide is a mixture of 5-chloro-2-methyl-4-

isothiazolin-3-one and 2-methyl-4-isothiazolin-3-one

a. 5-chloro-2-methyl-4-isothiazolin-3-one

(C 4H4 NOSC1)

STRUCTURE: 0

C -C

C

/1/

b. 2methvl-4-isothlazolin-3-one

(C • NOS)

STRUCTURE: 0

C - C

C N---CH3

H S

EFFICACY: This biocide is used to inhibit the growth of

bacteria and fungal contaminants in aqueous dilutions of

emulsifiable synthetic and semi-synthetic MVF. Some of the
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physical and chemical properties of this biocide are listed

in Table 5 [213. The recommended level of use as

established for EPA regulation is 100 ppm. This biocide is

referred to as "Biocide C".

TABLE 5: PHYSICAL AND CHEMICAL PROPERTIES
OF "BIOCIDE C"

Active Ingredients
- 5-chloro-2-methyl

-4-isothiazolin-3-one 8.6 % min.
- 2-methyl-4-isothiazolin

-3-one 2.8 % min.

Appearance pale yellow
Odor mild, aromatic

Because of the differences in location of their

isolation, it was of interest to see if any of the

microorganisms showed a difference in their minimal

inhibitory concentration (MIC). The MIC is the

concentration of an antimicrobial agent necessary to inhibit

the growth of a particular strain of microorganism tIl.

This test determines the concentration of an antimicrobial

agent that is effective in preventing growth of the

organisms and gives some indication of the minimal dosage

that should be effective in controlling the microbes. It is

important to realize that in a given species biological

sensitivity can vary in its MIC by a factor of 2-5, i.e. the

differences in their intrinsic resistance C9]. Many authors

have reported the resistance of microorganisms to toxic

chemicals and the ways in which microorganisms acquire their
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resistance t6, 9, 10, 25, 26, 273. It was desirable to see

if the bacteria showed any differences in their XIC based on

the location of the isolate. In addition, it was of

interest to determine if these MIC differences were also

evident in a medium stressing hydrocarbon utilization.

Waste Treatment System

The biological waste system used to biodegrade waste MWF

was the OXITRON fluidized bed reactor. Waste MVP first

passed through a physical-chemical treatment before it

reached the fluidized bed reactor. Figure 2, shows a

detailed schematic of the waste water process at Delco

Moraine NDH Plant. This system is divided into a

physical-chemical and a biological section.

The physical-chemical section involves seven steps from

the primary clarifier to sand filter # 1. The primary

clarifier is responsible for the removal of free oil and any

solai material from the waste. The waste then goes into one

of three holding tanks where it is allowed to sit for a

period of time, allowing eettling of more oil and its

removal by skimming from the top. (The waste sits in one of

the holding tanks while the other two are being filled and

emptied of waste MV?.) After passing the holding tank, the

waste water goes through a series of chemical treatments

that further break down the waste material. In mix tank N

1, chemicals are added to lower the pH to approximately 4.8.

This is done to split emulsion and further break down the
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chemical components in the waste )IVF. The waste then goes

through another clarifier, the API oil separator, where more

free oil is removed. Next is mix tank # 2, where more

chemicals are added and this time the effect is to raise the

pH to approximately 9.2. Finally, the waste material goes

through the flotation units to remove any more solids that

are brought to the top by dissolved air. From here the

waste water material enters the biological portion of the

system.

The Delco Moraine NDH system, where samples were

collected, was one of the first General Motors Plant to

install a full scale aerobic fluidized bed OXITRON system

1123. The OXITRON is a commercial embodiment of the aerobic

biological fluidized bed process configuration system

developed by Dori-Oliver, Inc. Figure 3 shows the OXITRON

aerobic fluidized bed process schematics [123. In this

system, the waste water is passed upward through a

rectangular or circular reactor containing a bed of sand (or

granular activated carbon media may be used) at a velocity

sufficient to expand the bed, resulting in a fluidized

stete. In this system, the combination of liquid and solid

particles display what Leva [11] called particulate

fluidization. The bed expands smoothly with none of the

violent bubbling and particle motion characteristic of

gas/solid fluidization, known as aggregative fluidization

C113. Once fluidized, the media particles provide a vast

surface area for biological growth, leading to the
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development of a biomass concentration approximately five to

ten times greater than that normally maintained in

conventional bioreactors. As a result of the biomass

concentration on the media particles, they tend to become

stratified in the bioreactor. It was shown that vertical

density gradient could be determined as a result of the

stratification C113. The particles at the top of the

fluidized bed had a greater biomass concentration than those

at the bottom. Degradation of the waste water is

accomplished by the microorganisms found in the biomass.

Xicrobial degradation of complex organic compounds requires

the maintenance of a long solid retention time in the

biotreatment reactor, corresponding to a slow net growth

rate of the microbial population. The high reactor biomass

concentration allows achievement of a long solid retention

time at a short liquid hydraulic retention time E283. The

use of dissolved oxygen in the influent stream satisfies the

oxygen requirements.

The Delco Moraine NDH system was installed in late 1985

and early 1988 and consists of two fluidized bed reactors.

The combine physical-chemical and biological process is

3
designed to treat up to 544 m /day of industrial waste water

(28]. The first reactor in this system is for carbonaceous

oxidation and the second reactor is for nitrification. The

effluent from the oily waste water treatment system is

deficiant in phosphorus; therefore, phosphorus is added to

the first reactor in the form of phosphoric acid. In



16

addition, sodium hydroxide is added to buffer the carbon

dioxide produced during tha carbonaceous oxidation and also

to buffer the hydrogen ions produced during the

nitrification process.

The samples collected from the waste water treatment

system are listed in Table 6. Refer to Figure 2 for

location on the schematics chart. The samples sites were

chosen based on the differences in the chemical treatment in

the system.

TABLE 6: LOCATION OF THE SAMPLES COLLECTED

Identifier Location
A NWF from the north side
B NW from south side
C Xix tank # I
D Nix tank # 2
B Influent into sand filter # 1
F Reactor 1 - free flowing liquid
0 Reactor 1 sand at 10 1/2 ft
H 10 1/2 ft sand gently shaken
I 10 1/2 ft sand sonic oscillation
J Reactor 1 sand at 20 ft
K 20 ft sand gently shaken
L 20 ft sand sonic oscillation
N Iffluent - going to pond

Objectives

The main objective of this project was to characterize

bacteria found in various locations of the waste water

treatment and to determine whether organimme of the same

species showed differences in response to Cae changes in

their environment based on the location from which they were
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isolated.



IHnmOD6 AND WATER! IALs

All tests performed in this research were run two or

more times to reinforce the validity of findings.

Nicrobioloaical Evaluation

Samples were collected from the General Xotors Plant in

plastic screwcap jars on 9/28/90 and 10/1/90. The samples

were put on ice and transported to Wayne State University

where microbiological evaluation was carried out. The

bacterial count in the sample was determined by serial

dilution on Plate Count Agar (PCA, Difco Laboratories,

Detroit,MI) for all locations except location H, I,K, and L.

The samples from these location involved sand. Removal of

bacteria from the sand was achieved by putting 1 gram of

sand into a Zip-lock bag with 9 ml of sterile water.

Removal was done by gently shaking the bag and another was

also put in the sonic oscillator for I minute and

subsequently diluted and plated. The plates were incubated

at 33 C for 48 hours.

Media and Culture Conditions

All cultures were maintained on tryptic soy agar (TSA,

BBL, Detroit XI). The cultures were kept fresh by being

transferred to new TSA every ten days. Twenty-four-hour-old

cultures grown in tryptic soy broth (TSB, Difco Laboratory,

Detroit, XI) were used for determining the pH range, XIC

concentration and growth in the mineral salts based medium.

18
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The bacterial population in the broth at 24 hour was
9

approximately 10 bacteria/mi. Thus, the microbial

population inoculum used in these tests was 0.1 ml of a 24-

6hour culture yielding a final level in the system of 10

CPU/ml.

Isolation & Identification of Organisms

Various colony types were cultured onto TSA. Colonies

were gram stained for purity before being restreaked, to

insure a pure culture stock. The bacterial isolates were

all gram-negative; therefore, it was possible to use the

PASCO I.D Tri-Panels for Gram-negatives to identify the

microorganisms (see Appendix for instructions on the use of

the PASCO panels).

Determining RH Range of Organisms

The pH sensitivity tests were done with both TSA and

TSB. With the TSA, pH was adjusted to a range of 4-8 and

with the TSB, the pH was adjusted to 3.5 to 9. Both media

were sterilized before the pH was adjusted with HC1 or NaCH.

With the TSA, p:1 was tested with all the microorganisms to

get the general pH range for the microorganism. The pH

range was checked again, using TSB, to those microorganisms

listed in table 1? to see if the results would be the same

as those for TSA. It was of interest to see how acidic the

media could be without affecting the survival of the

bacteria.
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Another test with pH variation was done on the sand from

the bioreactor. Here, one wanted to see if the organisms

still attached to the sand could survive a lower pH than

those that were freed. The question asked of the author was

"Vhat would the pH have to be lowered to inhibit the growth

of the bacteria still attached to the sand (biofilm) ?"

To answer this question, a gram of sand from the

bioreactor was placed into a 250 ml flask containing 100 ml

sterile TSB. The pH of this medium then adjust to the

following pH: 4.5, 5.0, 5.5, 8 and 7. The flasks were

incubated at 33 C for 48 hours. Positive results or growth

was indicated by turbidity of the medium.

Determining Biocide MIC

Based on the location of the bacteria isolated, it was

also of interest to see the differences in MIC. These tests

were performed using 0.1 ml of 24 hour old cultures grown in

TSB and added to 10 ml of TSB. The tests were performed in

standard test tubes set up for serial dilution. The amount

of biocide added to the first test tube of TSE was 1/10 the

published application concentration, which for biocide A was

1500 ppm (0.15 %) of biocide in solution, biocide B was 1000

ppm (0.1 %) of biocide in solution, and biocide C was 100

ppm (0.01 %) of biocide in solution. The dilutions used are

listed in Table 7.
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TABLE 7: Dilutions used in Biocide Testing (ppm)

Biocide A 100 50 25 12.5 6.25 3.125

Biocide B 100 50 25 12.5 6.25 3.125

Biocide C 10 5 2.5 1.25 .625 .3125

After these tests, a more definite end point for the MIC

was determined. The dilutions used for these tests are

listed in Table 8. For biocide A, a too low of a biocide

concentration was used and the results were all positive.

TABLE 8: Dilutions of Biocides for End Point

Biocide A 10 7.5 5 3.75 2.5 1.875

Biocide B 100 75 50 37.5 25 18.75

Biocide C 10 7.5 5 3.75 2.5 1.875

Determininx Growth of Organisms in Mineral Salts base Medium

The final experiment performed was to determine which

microorganisms would grow in a mineral base medium described

by Palleroni and Doudoroff [19]. This medium conaisted of

X/30 NaK phosphate buffer pH 6.8, NH 4Cl (0.1%), XSSO 4*7H2

(0.05%), ferric ammonium citrate (0.005%), CaCl 2 (0.0005%)

and a carbon source (0.1%). The carbon source used in this

case was the hydrocarbon n-hexadecane. The media was

prepared and sterilized after which the hydrocarbon was

added. The microorganisms used in this test are listed in
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Table 20. The test was done in 100 ml flasks with 50 ml

media and a 0.1 ml of 24 hour old culture sample. These

were then put into a 024 environrental incubator shaker (New

Brunswick Scientific), set at 28 C and 200 RPM. These

samples were looked at daily for evidence of turbidity

indicating growth. Those with growth were used for another

test to see if they would still grow in this medium with the

addition of Biocide C. Biocide C was selected because of

Its lower effective dose. The amount of Biocide C added was

2.5 ml of 100 ppm stock solution thus asking the final

biocide concentration 5 ppm. This amount was used because

most of the bacteria tested survived at this concentration.

The rationale behind this is that it was known that the

microorganisms would grow in each test separately but could

they survive in the mineral base medium plus the hydrocarbon

and the biocide.



RNSULTS

Bacterial Level

The results for the CPU/ml based on location are

presented in Table 9. The results for the CPU/ml were

obtained by selecting and counting the plates with 30 to 300

colonies. The Quebec counter was used to make the count.

The formula used for determining CPU/ml was:

CPU = (average number of colonies/plate)

ml (dilution plated)(volume plated in ml)

Locations A through D have two sets of results because

in the first set, it was believed that the agar was poured

to hot based on the low count values. As outlined in Table

9, there was a slight increase in the second set of results

compared to the first set. The results for A through D were

much lower than the rest of the results because of their

location. Location A through D are for XWP and for those

collected from the physical-chemical portion of the waste

treatment system.

For location D, the crowded plate method was used to

determine the count because there was no growth on any of

the higher dilution plates. The probable reason being, that

the agar was poured too hot. The crowded plate method was

done by counting the colonies in five square areas. These

counts were then averaged and multiplied by sixty-four (area

of the petri dish). A third count was not performed because

the sample was five days old and the count would not have

been as accurate.

23
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TABLE 9: Results for Bacterial Colony Foraing Units

per Location

Location CPU/ml Average
3

A Ist 89 x 10 5
3 1.0: 10

118 x 10
3

2nd 191 x 10 5

3 1.6 :10

122 x 10
4

B let 14 x 10 5
4 3.2: 10

32 x 10
4

2nd 165 x 10

4 1.7z 10

,169 x 10
2

C 1st 153 x 10 4

2 1.3: 10

109 x 10
2 4

2nd 251 x 10 2.6 z 10
2

262 x 10
2

D lst 36 x 10 3

2 3.8z 10

39 x 10

2 5

2nd 1433 x 10 1.4 z 10
2

1267 x 10 done by crowded

plate method



25

TABLE 9 (cont.): Results for Bacterial Colony Forming
Units per Location

Locat ion CPU/ml Average
5

B 65 x 10 6
5 6.4 x 10

63 x 10
5

F 108 x 10 7
5 1.3x 10

159 x 10

6

H 51 x 10 7

CPU/gm sand 5 3.8 x 10
243 x 10

7 9
I 296 x 10 3.0 x 10

CPU/Km sand TNTC
5

K 98 x 10 7
CPU/gm sand 5 1.3 x 10

161 x 10

7
L 44 x 10 8

CPU/gm sand 7 7.3 x 10
101 x 10

3
N 202 x 10 5

3 1.5 x 10
97 x 10

G - Did not do because H & I are the results using
different removal techniques.

J - Did not do because K & L are the results using
different removal techniques.
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The results between the gently shaking and sonic removal

in H & I and K & L were what one expected. The removal by

the sonic bath removed more bacteria from the sand than by

Just gently shaking the sample. The first thoughts that one

would think about the results for location I was that the

count was too low. This was the sample that was going to

the pond and microorganisms found here were the free living

bacteria from the bioreactors. These were the bacteria that

Andrews described as being individual cells that were so

small and light that they were washed out of the bioreactors

C2]. The overall results were what one expected based on

the locations that they were collected.

Identification of Microorganisms

The results for the identification by the PASCO ID TRI

Panels are given in Table 10. The results are listed by

biotype number first and then by genus and specie name if

the biotype number matched up in the PASCO I.D. book. From

the results, it showed that it was not always possible to

isolate specific microorganism in each area. However,

Acinetobacter lwoffi was found in most of the locations and

it was this microorganism that was tested.

There are two possibilities for the failure cited above.

First, all the microorganisms possible from each location

were not isolated. If one had been selective, there might

have been greater success in the isolation of microorganisms

coon to each location. The sacond reason for not getting
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a common microorganisms in each location might be due to

the fact that some microorganism were only present in low

numbers in that specific location. As it was stated

earlier, Acinetobacter lwoffi was found in all locations

except in Location C (mix tank # 1) where the pH is lowered

to 4.8 due to the addition of chemical. It is possible that

this organisms might not of survived this treatment of

Location C. From here on out, the various tests were done

with mostly Acinetobacter lwoffi and a few other bacteria.

Biocide NIC Results

For the biocide testing ten isolates were selected that

keyed to Acinetobacter lwoffi from different locations (two

of the samples used looked similar to Acinetobacter lwoffi

based on colony characteristics) and challenged them with

the three biocides. Table II gives the ten bacteria used

for these tests by biotype number and their location. The

results for these ten bacteria are presented in Tables 12

throu-h 18. The interpretation of each table is given below

its respective table. The MIC for each biocide is much less

than the recommended level for industrial application.

MIC tests with Biocides B and C on different micro-

organisms from various locations to see if their MIC was

essentially the same an that for Acinetobacter lwoffi.

Table 17 gives the bacteria used for these tests by biotype

and location. Tables 18 and 19 give the results of these

tests, with interpretations below each table.
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TABLE 11: Bacteria used in the MIC Testing

Bacteria Biotype Bacteria

number number Location name

1 H resembled
......_ _Aci. lwoffi

2 000000000 F Aci. lwoffi

3 000000000 E Aci. lwoffi

4 000000000 E Aci. lwoffi

5 000000000 x Aci. lwoffi

a 000000002 Aci. lwoffi

7 000000401 D Aci. lwoffi

8 000004401 B Aci. lwoffi

9 A resembled
Aci. lwoffi

10 000000000 F Aci. lwoffi

B ctra did not Rrow in the positive control well02 O'~kC8 D Tri-pangis.
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TABLE 12: Results of MIC Testing with "Biocide A"

Bacteria
S1 2 3 4 5 6 7 8 9 1 0

_[] ppn

3.125 ++ ++ ++ ++ ++ -- ++ ++ ++ ++

6.25 ++ 44 ++ ++ ++ -- ++ ++ ++ ++

12.5 ++ ++ ++ ++ ++ -- ++ ++ ++ ++

25.0 ++ ++ ++ + ++ -- ++ + + ++

50.0 ++ ++ ++ ++ ++ -- ++ ++ ++ ++

100.0 ++ -- 4- -

+ means positive for turbidity

- means negative for turbidity

INTERPRETATION: The MIC for these microogranismB was

greater than 50.0 ppm, Bacteria # 6 did not grow in the

lowest concentration and it was assumed that the beginning

inoculation was not viable. For the endpoint MIC, the

tests were run using to low of a concentration and the

results were all positive so the results were not

included. This biocide was the last one tested so not as

many microorganisms were tested with it.
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TABLE 13: Results of XIC Testing with "Biocide B"

Bacteria
1 2 3 4 5 6 7 8 9 10

[] ppm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3.125 ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

6.25 ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

12.5 ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

25.0 ++ ++ ++ ++ ++ .... +4 4+ ++

50.0 ++ -- ++ ++-++ --

100.0

+ means positive for turbidity
- Lans negative for turbidity

INTERPRETATION: The results from this test showed that

the JIC for thiv biocide in most bacteria tested here
was greater than 25 ppm. For the results of a finer MIC
endpoint refer to table 14. This biocide was also tested
with other bacteria from various locations and the results

are given in table 18.
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TABLE 14: Results of XIC Testing with "Biocide C"

Bacteria
1 2 3 4 5 6 7 8 9 10

, pI m

0.3125 ++ ++ ++ ++ ++ ++ ++ ++ 4+ ++

0.625 ++ ++ +4 +4 4+ 4+ +4 +4 ++ ++

1.25 ++ ÷+ ÷+ ++ ÷+ + 4+ ÷+ ÷+ 4+

2.50 + + +4 ÷+ ++ ÷+ ÷ +÷ 44 +4

5.0 ++ -+ 4+ + 4 ++ ++ ++ ++

10.0 -- +- +- +---- -------

+ means positive for turbidity

- means negative for turbidity

INTERPRETATION: See Table 15 for the a finer rý.ngv for

the NIC endpoint. In these results it shows that the MIC
is greater than 5.0 ppm in most of the bacteria. This

biocide was used on other bacteria from the different

locations, the results for these bacteria are shown in

Table 19.
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TABLE 15: Results of MIC Endpoint with "Biocide B"

Bacteria
1 2 3 4 5 8 7 8 9 10

[E p p m .......m._..... ...... . ...

18.75 ++ ++ ++ ++ ++ .. ++ ++ ++ ++

25.0 ++ ++ ++ ++ ++ ++ ++ ++ ++

37.5 .. .. ++ ++ .. .. ++

50.0

75.0

100.0

+ means positive for turbidity

- means negative for turbidity

INTERPRETATION: Bacteria # 8 did not grow In the lowest

concentration in this testing but it grow in the previous
testing with this biocide. It is assumed that this

bacteria was not viable when the testu was started. The

final MIC endpoints for the rest of the bacteria was

greater than 25.0 ppm. See the table for the exact
endpoint for each bacteria.
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IABLE 16: Results of MIC Endpoint with "Biocide C"

Bacteria

1 2 3 4 5 6 7 8 9 10

-1 ppm _

1.875 ++ ++ ++ ++ ++ -- ++ ++ ++ +*

2.5 ++ ++ +4 ++ ++ -- ++ ++ ++ ++

3.75 ++ ++ +÷ 4÷ ÷+ -- ++ +÷ ++ 44

5.0 4+ 4+ ++ ++ 4+ - + 4- 4+

7.5 +- +- 4+ +4 +--------

10.0 -- 4- +- ++ +-

+ means positive for turbidity

- means negative for turbidity

INTERPRETATION: Bacteria # 6 did not show any growth in

this test but it showed growth in the first testing with

"Biocide C", so it is assumed that this bacteria was not

viable to begin with. The rest of the bacteria show a

final XIC endpoint greater than 5.0 ppm except bacteria

7 I and 9. See the results for accurate endpoint.
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TABLE 17: Bacteria used in XIC Testing for Table

18 and 19

Bacteria Biotype Location Name

Number Number

1 252001401 B Aci. anitratus

2 240746026 B

3 377700401 B

4 200746216 B

5 366400400 A

a 240044012 A

7 000040437 A

8 352005207 A

9 241006000 B

10 000004010 A

11 000004012 A Pseud. app.

12 no growth A

13 366005005 A

14 000004012 D Pseud. *pp.

15 377700000 C

18 no growth A

17 000000120 E

18 040000620 K

19 000740020 L

20 000000022 1 Moraxella

21 040004000 L

NOTE: The words "no growth" indicate that these bacteria

did not grow in the control well of the PASCO system,

therefore a biotype number could not be determined. The

names of the microorganisms are only provided for the ones

whose biotype number keyed to a name.
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TABLB 18: Results of MIC Testing with "Biocide B"

with other Isolated Microorganisms

C] ppm
100 50 2.5 12.5 6.25 3.125

bacteria

1 -- ++ ++ ++ ++ ++

2 -- ++ ++ ++ ++ +4

3 -- ++ ++ ++ 4+ +

4 -- ++ ++ ++ ++ ++

5 ++ ++ ++ +4 ++ ++

6 -- 4+ +4+ +4+ +4 +4

7 .. .. ++ +4 ++ +4

8 .. .. ++ ++ ++ 4+

9 .. .. 4-- +4 +4 4+

10 -- ++ ++ + + +4

11 -- 4+ 4+ ++ +4 4+

12 .. . .-- +4 4+ +

13 ++ 4+ ++ +

14 -- +4 ++ ++ ++ ++

15 _. ++ ++ ++ ++ 4+

16 .. .. .. + 44 4+

17 .. .. +4 +4 +4 ++

18 .. .. .. ++ 4+ +

19 .. .. .. +4 4+ +

20 .. .. +4 + 4 ++

21 .. . 4- + ++ ++

INTERPRETATION: As the reults indicated, most of the

bacteria have a MIC greater than 25 ppm. There also was

a variance between the microorganisms that might be a

result due to the location that the bacteria were

isolated from. Compared to the Acinetobacter 1woffi,

some of these bacteria are more resistant to this biocide.



38

TABLE 19: Results of MIC Testing with "Biocide C"

with other Isolated Microorganisms

C, ppm

10 5 2.5 1.25 .62 .31
bacteria

1 -- ++ ++ ++ ++ ++

2 .. .. ++ ++ ++ ++

3 .. .. .. ÷+ 44 ++

4 .. .. ++ ++ 4+ ++
5 .. .. .. 4+ 4+ +4

6 . .-- ++ ++ ++ ++
7 .. .. ++ ++ ++ ++

8 .. .. ++ ++ +÷ ++

9 ..-- -- +÷ ++ +
10 -- ++ ++ +÷ +÷ ++

11 . .-- +- ++ +÷ +÷

12 -- +- ++ +÷ ++ ++

13 .. .. ++ ++ ++ ++

14 4+ 4+ ++ ÷+ ++ ++

15 -- 4+ 4+ +÷ 44 4+

16 .. .... .... +-

17 .. .. .. ++ 4+ +4

18 .. .... .. ++

19 .. .... .. 4+ ++
20 .. .... .. +++
21 .. .... .. ++ ++

INTERPERTATION: As the results indicates there is a

variance in the data based upon the bacteria being tested.

The results from the previous tests were using the same

microorganisms but from different locations. The results

shown here are different microorganisms and different

locations. Compared to Acinetobacter lwoffi results,

the bacteria here are more sensitive to this biocide.
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PH Range Results

The pH tests were performed on all of the bacteria

Isolcted on TSA. Bacteria listed in Table 17 were also

tested in TSB to see if there was a differences based on the

medium being a liquid or solid. The results from both tests

showed that most of the bacteria survived a pH range of 6 to

8. Some of the Bacteria tested in TSB also grew at pH 9 but

not any lower than pH 6.

The results of the pH tests done on the sand from the

bioreactor showed that they could grow at a lower pH than

the isolated bacteria. There was obvious growth, based on

turbidity, in pH 7, 6, 5.5 and 5. There waa survival in pH

4.5, determined by surface plating on TSA, not by obvious

growth. The bacteria isolated from surface plating were

also used in subsequent studies in mineral salts-hydrocarbon

medium.

Results indicated that the organisms attached to the

sand could survive a lower pH environment then the isolated

microorganisms. The question asked "How much would you have

to lower the pH to inhibit the growth of the organisms on

the sand ?" From these initial tests, I would say that the

pH of the bioreactor would have to be lowered to a pH below

4.5 to produce inhibition.

Mineral Base Medium Results

The microorganisms that were used in this test are
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listed in Table 20. Turbidity was used as a means of

determining growth. The samples were exaxined at each day

for obvious growth while they were in the shaker. The

appearance of obvious growth, approximately 107 bacteria/ml,

took approximately ten days. Table 20 also indicated which

microorganisms showed obvious g-owth on the day they were

taken from the shaker (day 11). These bacteria were then

used for the mineral base medium plus the hydrocarbon and

biocide test.

These results were evaluated each day for obvious growth

and after ten days then was no apparent growth. After three

weeks in the shaker, none of the samples showed apparent

growth, so serial dilution were performed on PCA to see if

the bacteria were surviving. The results of the bacterial

load in this medium are given in Table 21.
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TABLE 20: Bacteria used in the Mineral Base Medium Test

Biotype Location Name Growth in Medium

000004401 B Aci. lwoffi yes

sand isolate G ? yes

sand isolate G ? yes

sand isolate G ? 7e8

sand isolate G ? yes
no growth A ? yes

000000401 D Aci. lwoffi yes

000004012 A Pseud.spp. yes

000000020 I Xoraxella yes
no growth A ? yes
no growth A resembled Aci. no

no growth H resembled Aci. no
000000000 F Aci.lwoffi no

000000000 P Aci. lwoffi no

000000000 B Aci.lwoffi no
000000000 R Aci.lwoffi no

000000000 M Aci.lwoffi no

Note: Sand isolates refer to the ones that were isolated

from the pH testing on the sand of the bioreactor. The

pH was lowered to 4.5.
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Table 21: Results of Mineral Base Medium and Biocide

Bacterial Count

Biotype Location Growth

000004401 B ) 1000 CPU/mi

sand isolate G > 1000 CPU/ml

sand isolate ) 1000 CPU/Mi
sand 4solate G ) 1000 CFU/ml
sand isolate G ) 1000 CFU/ml

no growth A > 1000 CFU/ml

000000401 D > 1000 CPU/ml
000004012 A > 1000 CFU/ml

000000020 I > 1000 CFU/ml
no growth A > 1000 CFU/ml

NOTE: Vhen the samples were plated, the dilutions plated
were from 10 to the 3rd to 10 to the 6th. The amount of

growth on the 10 to the 3rd plates were less than 30

colonies and could not be counted. Thus the number of

bacteria in the medium is given as less than a 1000 to

indicate that there was survival but no growth. Since

0.1 ml of a 24 hour culture was put into t0 ml of the

medium (10 to the 5th), the results indicates a decline

in the microbial population. The reasons for the decline

might be because the environment was to stressful for

survival.



CONCLUSION

The results obtained from this project revealed many

things about the microbial population in the MVP and the

waste treatment systems. As expected the microbial load in

the bioreactors is much higher than any place else ..n the

system. The control of bacteria in the WJP by biocides is

done to prevent the biodeterioration of the XYF and to

prevent other contamination problems caused by the

microorganisms (table 2). The level in the bioreactors is

expected to be higher because it is in the bioreactors that

the bacteria are responsible for the biodegradation of

industrial waste water.

The bacteria isolated and identified from the samples

showed to be Acinetobacter species and Pseudomonas species.

Pseudomonads are one of the most group of important

organisms found in NYF C4]. The PASCO ID Tri-Panels were

used to identify the microorganisms, however it was not

always possible match an organisms' name to the biotype

number.

The results from the tests perfcrmed on Acinetobacter

lwoffi showed that this organisms displayed only slight

differences in the pH and the biocide tests. The ratio of

the XIC/recommended efficacy level was approximately the

same for the three biocides. The test in the mineral base

medium showed that Acinetobacter lwoffi isolated from

Location B (MVP from the south side) was able to grow in

43
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this medium whereas none of the other Acinetobacter lwoffi

tested showed this growth in the 11 days.

The pH tests showed that most of the organisms isolated

grew in a pH range of 6 to 8 while some grew at pH 9. The

pH tests dealing with bioreactor sand showed that if the

microorganisms were left in natural environment, they could

survive in an environment with a much lower pH. One

microorganism isolated from the sand at pH 4.5 was to able

to grow at pH 4.5. This microorganism was not identified at

the time.

The results of the biocide tests on other bacteria

demonstrated the variance that one would have liked to see

with Acinetobacter lwoffi. It must be remembered that these

bacteria were all different and from different locations.

The data from these bacteria were not as complete as the

ones obtained from the Acinetobacter lwoffi thus no

conclusion could be drawn. If they had been isolated each

location then one would have had data to compare the

results. Based on the MIC/recommended efficacy dose, one

could say that the bacteria in Table 17 can tolerate a

higher level of "Biocide B" than "Biocide C" as indicateu in

Tables 18 and 19. Thus indicating that Biocide C might be a

stronger inhibitor than Biocide B.

The mineral base medium test indicated that some

microorganisms could grow in this medium while other could

not. The growth of the bacteria in this medium was not

depent upon the location the it was isolated from. The

-A 5 , 17



45

results indicated that it was based upon the type of

microorganisms. After three weeks in the mineral base

medium and "Biocide B", there was no apparent growth in any

of the flasks. To determine if the bacteria survived,

plates counts were done on them (Table 21). The results

from these counts showed that the bacteria had a harder time

surviving in this environment than the two environment

separately. This environment might be to stressful for the

organisms, even though they did survive in low numbers, to

reproduce.



Appendix I
PASCO MIC PANELS. MICflO PANELS, mow-aftefto 'o-ai AW I."d

BREAKPOINT/ID PANEL and ID TRI.PANEL c9906499010 :'91" 03- PASCO Y'ft 51W
-1, -Po 12ýlq& Pllecow, 0~ Woowo ife0"1n9"

foruse In ANTIMICROBIAL SUSCEPTIBIL;TY TESTING and aMC '2 Z sae PII0 IcoO sý'stoa90Sc

IDENIFICATION of GRAM-NEGATIVE MICROORGANISMS PltdCn' e Pmc0 "atkw90909So
M..90oI 09. 99&... IN0 ID PANIELS

UITEPNOOUK 0.4114 M910-! IXo.*0'? 909199996W

*10 frac c-Olle.,u, Te 2 5P *o9 "

C04.900%0094900 ht19o9 09 baled 0990909 C.11" 9..0
04 9 

Of1 9"Ina P04e Carmow QV Lp 11.0161 --t &C 40enre 9"10.9 Ml90vWoonO09i900
I& CN..ou 04000191 St~n.'Oa'0 4NCCLS) "0' s4c r

99
nDn'&f TfMv'AG1WQ6

The WC GAAAM9EGATPAPAEL oa PANELrbs 00999*01', a999099.000.0 1D wo00.49 (949990.0999 Its 941,, Pam .WC 99 Radon 99
gra-ti..ogoW" larpr,"w .00.9.01 them conia,ne.^ the MIC GAAM POSIT V9 PANEL &A9 Z99o d,,5 99:.09 19sit, 0.9096he, as990009099909999

p~99~y.009 9 909*9999009099)90Tb 991SISTJLNI 5 PANEL4o.91o49Woo~91 Eltc'0999Co" Ak90004090999900
99

*CC' IW02

va.~plytldnlll O va -01161,yll9 w9an099.0901 am-1990 ,1.o al g.m CA laWo.I. .oo.,o P0000 S04'D C04IIOof fal991b.0909 0900000 ATCC, 4309
7ft ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 001.4 PAC90at yonimj~oe etsa f3bc-& "annp f'&;v~ 90(04m nysft.99 IshorleoO.0000 *1C 29922

199900140 hkakh9ood As9The 09941"1 ad W01 dn' foo at Ina fandy491609)9 fmv.00.'0.w N .ooo a '"d.,oo alganamle.11%0999 0999.0 bovollea Wy 0CC -4301%

0100960.099099909.00.90 o~e''"199949909 900949990' 009094 190096.990099 00099 'm0 A001,1 mýac& A'9CC' 7W0

PASCO MICIO GRAM9. NEGATIVE PANEL 0998 B~aAKP0'94Th0 GRAM-NEGAINE1 PANEL Poem~ -7991C wors W09 t Ao00oldd 0901090990*999906 *CC 130
Oft&-9 0006w 9010 bO"Inat S131006% 4" -- In9.9? 0991-I9C90919 ag6's 000109,119y and dway' w~c.boo,9 5111 swovct00 OO81O1ACC Mill3

ty". the' 00019.9900,0 oh~yOf~ 099010990990 With An999090 81EAKP09141910 10009o9 35~ - C. 1h"d-d ft1.oCO,, SVOWWoooo fa0004 ArTC 29212
6900M.NEGATIVE PANEL lf^ 0.096u00.09 

9
090900141.9999)ThnC.09q

Ou9tiol ftsld', ndr9 9199499008909090101 dlb t."990 NIt 9a*nj4of9049990r901-C Is 0"809. 01cc .'st! '9 .... Cao' 0'109009001999 ,.C'

097Y 09.0 90 NO9.091 W,*6 9.90) 999 910y OflIb no99.'991 *MK0g99 09I We 0Iudt4d9M anl C090 4.1,109910004'909 90C *99
*599..00901 09900400vf90C09900140.0499 9090909*(9810009099.1

WW0"01409,900 lft4609904'90 800-40A- loeS. t aq.99OCo9.alty 14,C011 10,9W9000290900.99 16.L14

9.109eon As99909 M. 9000019900 bv MCCLS I 10 0"WM99 90. Inb W99910091 .909 Pt Pa on:1000 110l 96009,0969946 PMC~0. N. %.oc9.o' we169.09 109

M0,90)9 M911099l149 U0o099190"tW *,.900.100.099and800V4lsvffl 0 0nl'O9d Py0499009K "IS99 Sts'"'o' P0.90e 1009099..an Was99 x0.s9a S&Oado~d 1009.4.

0W00O.9-'1lk`%W090 Of099009 dIot04a"9 0V&100990000000 AIM
9  

As" ,'.9.jc "ton,"ys doc" "'oo9o dnvmclqy99 bo ary 44 al. S~99 g'0.9 I'MnS 10
19.. t00(990999.06 si't0e. am maw9, 09909.n0.Ina9 PASCO ld~lfll,9019099 tl We bow* 'We" 99999004on9-1099' 9.990ir06999 SW0. P 'am MAO190,109a9S19.9",0 t.bd909

9
.9

1ý' Y" 10-50", 00 (100.s C0VI9a0by9w" 00A3 0ft9g9 1009n9064 CEN"O bc

C9100l o1 ye-,. U",.b.-O by. -W'99 0491900090 Oat9'94'1 b09e9900 bma-WM: Uadln b teva

6,l~~tW~yIW"--009100 101009 099909 01891 t l'9da0'0oj00CiofMVI ne c, eper .90..9a9 both 01040 040". 9-901.39100.11

1009049999190191a909"99.10009a 0cow99*0990000.&01."00 ft.910'8y40 C0a0040 t% s w*0 009.99 of a '99t096
199v70P009 3(0.,ASEO,091*y'.o~o0004N.9'00 99910070.90609-.,Mew970 9099090 Is J.0 199 ow-oa lt *oc..o' 's9.~ Mae'0 am99000') 04 a 900 '09 a999

909910 '044e9 " t 49*.109 Oy1994099v0 090999 .%%40o109#0099090%:1009010090999990991999'999

fjC`Qll1 .- th '. 994009990999999 am9.49000069 190001 (000010099 994199S9e. CO9.9 90o49.0.-110049b99P9N1919110o940

00990.990-094 0. 09 000,.99 0949090900 90040000 &09too99099 '0010"00'99t- 09091 llSl& 40.'ý1. 1-199 a Actroa-mae,'o' CFUI"' Po 0 25

GLUCOSE F9RE%11'T&'IN fvnefflav099 09 9.0.0900 '099.9999 994.90 04*%K 00o @990 Pa00. 0yo
Ty*.o' Tubwm v.011 es9 p049904 q orm91 by d-~9 mvrla b90901 ,, 9 mo 99099~1010999o NCCLS Cl"#*"o '90911909'945 Ina UC'o4.9 S1o0,48.4 1909119.4sa 08100' Od 0090@ to, 090090'0-

C90" M
9
tO49'* 0 091f 999949900 9.0104 009) by bass)090941 090999911.0999aC..0I '9oDP99OW1900'9o.'9.20009, 0.~.

0991'. n999yk9 4-'9 099.04999 0104 09m0m919 v1, 90-4 MCCILS 000c..19 9"

MALONA.0E CITRAII U,9909100l.9010 "'at 900909901091.0 99009199 as1 a08 ww000,9 09999.~%%nI, T'l '_ f lbs O do PMO9999199e9021 We00090 1SOrs,9'ell 99100.9990
f0'99.09,09904 0 -04 9494000011099 hC' C"-;. 099 1. Wby990 09.0.9 lIA040*9099900999.010091 l99999Ina 90c. .1 1'&,

N'T19901 Al00.09099 Of A-10810 90 9-19,10 -1 detected by 10W 004,9,099 Nf Is Od Maymoa. to Mad, OW-M Ityl? C'090odo0 9N0901990-00016.t.9 aaft mrf
09991994990'19 09091091.909,- and 4 l'9999 _v119 ..9 .90,199990 %7. a'_-00'w Ina

t999100099099 CC.W57N KANAAAVCI% PIENCILLIN 1080A99916999 9909,409099Wsoot40 .9900' 9'90'.14999909199909099.9001

c0nl",' g 91 "0,"9901*9100'.'90 94990990400999009 .. 0 '0. 4r l G.4'oe*') W NOM' 919I Olt"909090990~~'9109000.9(99S 90991 90N9
0000~9 9999199 9999 0,00099(909990099991099 0 y 0990..900' 2'l 49909900410

1~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~~~~~~~~*@ yaot a'.' 'Io'~ `l`Qo9 0900 T.ga'o,. PAWL9000409400009 Ish tr 11 9100 Ina060 900c9990019 %,,nl9.9 090.-0991 thel9.91 049991
099".99'~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~c."ee 9099 9090It Plal Tb 1.9909'.: 0 9009'909O"90p "999 *10. My'.o 9990 90be-Pll 961001-001mn 9900490 0.999 tsa 9109099

04 . "s- IV'9'9 919s9Do**1w 0901 0 990040.9701 as 014,411909.90 swo 00-ft We00.0.1 W9"09099" .90 .'490"00.09'999996109000099099

0.009.099' 991.0" 0099 99.91 0 991'90 910 990o1999 90'. o9100 90000990901999010 90 9.99.99909990119990099.00

91ap'""d .049199749911 Pat 19009.00091" 0= = 'be9 009''0 099f0.19 -~ a999,9901by909190 l 
9
0.10690091994999lotI090 .90m91. '00

REAGENTS :9911059119.9999.900 b9'' 9,9 99Ny09990.0946 00470, 90.91009699'990Olb 0909190 9990.990110
00P 990f 9940909999 to.99Term993*90 c.m 99999009999 -'699'09999 990am-y, U ~so mw009099.099990 M'99..9'a99y10' CP.0

99909999.9000990909900.900009900090900009901'09.999190

v999 1 C af9 0 nwr s ft99b w '.0 0 3 '99: I ' W -l " 0011 09.999.949 Inn 'M Da Itelf 10 0099 00 040-n999 .09091 4 99n 0 pa"' 9

959991 v,s for991 999, Do" lea.O90 UIOe~v 906909 919999 91." nI999904)4 aen o Pý "ýttý s'N t

C'99se'.9~~~~~~~~~~~~~~~ 09090119.0109 999018 990949 0990990090 11m949 s0wo.9~ome UI'99000.o0001 "As .I~9 99 LS0
9

l08
9

91.9."90A . 09aw v 0999891 set90 a90000 v0ea999 ww91 091409 We0s9991 W.~991 eac' ~0:9 "09 499990a0 9oo09 0 11~9 0dq9. 0994 am 90990 vf
09919.9900 000..09 19909.0 000.9010991919 00900991

9949*094' ~ ~ ~ "%wts 0999blasf 
99

000910'n90oda9009-90099919009 0.oO'o

ANNOy~o N. 90(90 114-49910009040% &n90ý09441 00099 l 91099.0199990 mU 0all9 99901019-9.90..00

80"t*88 I0*99 9900999 091 0.9090 919 004989094p '9(999099

w9.00909.909099999m.401996 -?C0904990090900990..'06 
99

9.9 0 0also0100090.3: 1C 0 0210990 999C, 1901 .94910

0009090~vc4 ,,09 - Pace.9 "99~9090 09o9990 090099993 We 1.09 999009 091 91009090 0,9 .. 0 '09'9 94.4 04 90'4.09099"1 9991099990000 '90999

99999.0' 299o."9Ale, ~qy Glen. 9990.094999.94 1990.
1
.999a 909006.91900 Ywwe'1,61,091 099 's".69 0'r nlon* 09000 t 906'9.9on 99199.0090,9 pee ap'n~9 o 8.~ b 01009

P990UC '4W-,, 0*90 adO- swvev9ýDW 049990d9 0.00 loth v s0010099ns. 400.94990009900 0,99009 19 9909

P099990099091 0990 991009099990 10990..900009 9919. 4649 I "a, ' "'.%.A. 19'00 199Qq9"9 999919909.,9 0. 69

.. 40% 990999 d 90009001.09d 0.0909099009999900100090990 99.0l9'04%9099990909o.
9

00 94914 959019.9190
p090000 we..091'd6 900 CA90990.1 c00 0-09'990 foo01 00 ..oo .9#.00



__ 41
I v.6 , ,et -vc.'~~ §T.t1*ý * Z .*.".';S! .,, ce.0o'w$Sr~ emreosse ' ectr

I M9.30 99." itt4o L3"4 .'s! ;~ ..' row6CIS.b 4Im9~P969.

2 P. tr g.40 ;,, a99 . tl's Le: ,.w. .,c ''9 0I~00y'ae

w It aItmc00J~'. c094C 106 1q0 'A 4Z., to 994' rov .'. trt-W W tPog0 ye W :o

P*v st-:4 A ...* '9t.!09 9'0 CIL ce'ofts?
"may t* 05~0-wo 4' 4794! 4AS*P -, 11~ .1'4 ' . t. p'4#, of vne 4ci we"99a1'' 9A
"66609969U a 9wow q0.,cto n !mw ~p~js wg&Ar "Cl W IIE941

9  
Mtkb*#1

SII' Suco
PUG~~~~~ ~~~ RE"~U@ 4

9
O 5 9.99 

9  
p0!!~ 9 7 '44' 4qC 64

0 "1'100~~ Ly am Ow999~

0 PAW9U~ 4y. p4eAW

0 ~~~ ve- tw coOP

3N'194"It M .7" ft-' lbea 'If!.ror 1 IM (

V0000C0 32 2 Glw" t00 W 136.0 %na0:
-~~ 3o9't2 .Q9.ft IPIPSOO lar

00(00 0
1r C-.1 oe 1 M&4e1qw eeQ.

*'9~~~V 4!ILF*.. iv9499,. 1C
1
~i t~1

000004!'~14'.a9$0540' .:V'P4! 006699 51~ &. 10 co

a9 4' ~ 3 0 0 0 'sl- OsL9' ILP wy9 t99ý Add64 
I' 4.1' C 4 9~ 9 9 99-Is o 91

B~ s' 9= 95.: A21 : 7 9 9 2 1 9 " .
_ _ _

* .,I'0' ~~o6I0U9P5' 699 9' ~ 94!'4.!.114#'6499490, - .- --- -. --

.. ~ ~ ~ ~ ~ u kaild I4949 a,~ Do6 p4'Co4 '0~79

I o:. C1 w w o L f~ .,:
r44' c' , aw M -v'0 c A13 aiOP9 ti'Mz 5f WC

0 . 5 1 0 
1* 

M& 
Wea:'

31 It"* 994DA iW'!.S'tPn9,CPS99940'

S0't' wA.. -e7A~ J1 Co. Io C4 b09 09
2 iltJ 1004 Jf 190 ad. V) C,~ 15 9*' Res- Clý, 2 wwa's 0

OLS.PC1.o ,; 179 `51 CWI t-4II' mao PI

I~~~ CV PCFof~~~~4~~ G."34 $099 *Ft 136 D.''t C? 90 41 0.

P'o'sn:,t a.:9 3. 4 1-0 Pas4'4C4at

MOE ~ ~ ~ ~ ~ ~ ~ ~ ~ ( Cow4 Nomp %41v', I*4 N. V0.1,i a' r.99.a Ac0v1pde Cl.~s~*.M6W Mp.~.s
011'6489-MEWOl9ft its? $ft OLN'6!2 42 024'P9wo'I''s.a.Ana&.

O&SILIP AA 0 $CA 040 AOIu ' nt CC -104 Cfj999P A0',9,u #I4W 9fI.9PLO
G, R vf 4 tys-4: '~ CL, IS. 70'.1 .lI9'I''at. 6£"w4



lip8
ApMW Wto-W .9.099 09 0.1 st9.1o. 1999 Fovosgs... .o..'svcc 1091.0 .4 999 M~is bef.99999 VON1 sow"* my0 0, "91 no9 99.0.919 ft99 999099.9

vrvtm 9 :v t'9599 Wrildil who'9900101. domI Me. bwv, 5109c- 'orI. rooi m w
ft 10o 0-t vew" ~ 9..t Sall,.9999w Ow0990.. 00.9 1410) and1 " b *" I 109U99 U99N9991991045. 9 994119 50911 099."99950999050999909N9

MAQ 9090 W4 C.'99' NMCCLS MIC 0999999900995999904999.of1999. Caf.90905 at Sosapowy wo * stft 9999009909919*.9 w0 bw mal Mast51096099Visa9.9909.RSA"
01="d DO9OA '- " 111, b o Ce'pqs.. ce0g * 5089544 On Cononoroofs' 9190.9 5 swostgatn, studio at9O As.9919 two aonn at csbevtwr sps999.9 Eneomod~r,' 50 99010

* £099995999ugw. ft:Om"Gll linc al'co 699icc009994 t9lwny41~0.1.99 N90ow 9090 wv ff ~a" SwICIPP"&l 5.9 Wall ft. 9CC9S RoCsoWWWd. 9999099099 Cogal t...fi be ASO ll
MCS 9 amo rw~so Agent999990.050991to 909c~onomom u sins, vic sS awtm.0 1 monticylogoin& 8 CAW-'

ft9m0^999 sai9 ,0.. 9999149 in ft9 09. 49Ocs,.99 oft 909a'.,,shlwu So...nie-f woM." be GRA101-1EGAI9VE PAPOEL NCCI.S S.9osg mm 9.5 09 in9 -ft9 f9091
9  

of, atni 9.99 910910994

a.09.Wass. matcowg09.99199t.ut 90" icm ~artmine 99 steosiod .l oia, .Mvv vact o ~ , 909910. SN 990 oCo a90809 999999990olillto0.0 W099999l99F"6400 10O flf

O99 w009.tct0993 Spte999999 
SPOTAO

1099.. fok 999..4.5 at'ato loom in"91 be, 99.9 a"999991 be 00910'Sd It, vW0990.999W19 9990491saca'oN999.0..9U9.9*N199b0 MOM999.99509919990999159
0999,c o905, .99 ea 999k9 An19909 aw 00recod k Aassmomow- ro,99991.009' *,rococict. 0 ft 80" C499991 09.91190001i Nuampay 999 99t.000 599b 10 ft O9.5910091Of 1.005991990090099O90aa

pip998910,01 'l 9090" 00919991,n v 8" .9. 99900, 9909. " 910*99I 090n 9 "I 4ul-s.00'* 0.000 9w at'i 99.9 4 9950599909...509,be0.9.9o. 9999099 5599.1490151.9

& 99999K95 81.3 an5 990950oyt5' 4 b". 99oti. o be on99daeat0 N '1at'0 for00099919 9.509* . ANoo- Wk*M S1Nws5wo_' a~o0.~9osComtlow k~ ft-41,9sco9.900a~n.'9oob

099999901904 W AI9 OLIA09y91040 4199000990be" 59'9199 9t.cw..gb 955959. ppto.a, 4 W00141,.. CO 90.. sIV o9.i W1419410 0 be t "- 5.0099909 W' OK'C
599999~0.20~ 9940999999an9C9909200 ..99999099'9909..9yowm ftSoofc9tpoq ,.19094mh.N0ynb19b 0 99.9099 5..9

In asiiSdwoz am " Do mns99e0 4 49n9ct ap90e9o,04fftb
A10?14, -W CoSSURANCE 7S79 Pfdo On90s9 each9049.99to99.9109 9998ww9v1Gift9499 MICI 99c09.o 9599s Wo05o0

civits"We~9 .t~@ tne,4 Pentad9909 bow9 90991998 9599999999 00099 9991999999 PU9".S, ulOV.99onfrc' S oft x-
ft A 99991.9999 g'0. 9.91 09o. 1004P41" LAW 600.oft 10 ~ 04 990&'unly5CO 9O19919til99ANlw 9959

d9009S0999..999995599991905999110 9914949 9919599999 of A-icS Satsoioscm scow Nnd9,,-oo bo.4.55o-aofal.
9

old "0.".9o DO59 be91ootwW 99.
m9900 .199009. thtMahnANoo cuon99' .. * 7 99tu9 vm99999.99.911 coma.9 Disc~9t.1e a.5 t10 ft .91099004155991099199959190

3 9 t959t~w~o y 99 ICC9S 119990590 '99e999 ,' 59109 ~99999999049999919999991 69619 0915991
TABE19199999 a9900.95991999099.910( 99990S999 ft..,n POD"099 VP mo 49999 S999 am9 va.99099 e.s 5huio 9999~f bcwo9s.e9 Most Mod hlfw0mlnfl
V99919FW '90993992t99mda nos oft, 1.19009949...99be*5.91 A99999 -,5ý 5.9991990990 . a a91my990969~n oecs fth to rahniim&dr a

d Cailthnfi Ys VW9 Wgaogs N ~ il A'...c. 9909ft919 IoDs C A 'ý AS W'99'1' 990'a lao $ .amv we0 0ý 99090.6 sov""9n100it oo f 8-aoa "7.
90."CS~MCMl-ddof . 900.0990 0.,.9599tt101t1 1..st'. i's.090999991009099.99.0 o9- ;.i 0909999919199959.1999 0909001, '599 7949009199,19.919.090019999999 e991,5"It9. 19001 9999109999999199990-0.99999 ft15 5 95I9 Clfii 95999090.9 I.0099.99 S. C4ow C059V 1,00459 10999995195405 IM 9099009 09990(909999

a w-yNv Re..S: Sa" .9 9900'wdy $OO,! be sod109".9 5090a Wit99 NCSou l.o.199w00Nsisos
90'99999099 , 99999909509 V'0t99'99 MO, 7- C. Pl995155999so

99a-9 Ifte 9.C.2c - A 90.19959990995099099099999 a499 9t 5.4091 IS 99999999559 ",9959 OWIlu95s* ntb m o d nii- L 4o1,- ,- ft-N 1 900 09 9.9 MWAAMM9l.194
0 31819999', w 9190990 04o b 0.599155o999. 0t1'0991 099991 9~9lC9 1e...oo ..s0'9o..-gq.9-'.-.'9-fte9 91991059-5' ,10919m.e

a 5505.9090 OVO P 0OK1i0 h MC'0W4 nýI :f-d a ac beMs.0AM, .09.. ft.0-9V-" A a9.co w l-0.9 am o a99 91"4w91 b.991 19o9 beCOSC man9910 be u 995919 .04099 dl s9990 Doi - "e' 09 -9.9999. I- 9 1 9 `16 C_ _ OW9~999 NIu
PR~~~~~CED.~~~~~~~~9919~~~~~ Clw.st99  

900. W009. 294990.99959 22.1% t'80.9.0-99999 9s99p9~59' 9 9 90.19

00.099... 690-on w~99 0%999.9.n 5 9995 00100 09909995d 9999Q9,5. TABL 2 -4 . wowr W4 C V991 Wi
AIRJoa ii I fPan- ,C7URSROwili ls'laSSURANC MO vtl 9 *AyG,9 Mo959 -1 An, go- 999153-l

9p..qaj 1. 105b1 w .,10499"" lie99,0 9.995.'s.99. I 0-'99o nn .'r..C' 905010' ban.0*,Eec.'9090101-.l~st..oo~n ., 5o~ 9*, 9 9s.91 919 t, 05 91., 96 .e999699C9,5*5 0."5 6 .909'.oC0 2..09ADo- 98 .99995.
fl9I 9'99499 991991191 C1E0. 959999990.. 099 l O' 11fl090991991...S 0 9990 .9',09.99 w95s0-10. 9 9 ".oo lb99.99,9

9999 C, 993.1e W 1.9099999 9993". 991o utc9al99. n 999 MCC.-1 a9,w919 3946910 954040omi. 990109 P- 1,9 !3 9194 "S ". 10

599.1'4991.9999911b09599.9I5999.19 9109011100999 Al~3 s90.090 99.ts.. 999559.99999.919.0.101 at9'*0 990 0909s0990 0o'.9 9.5-999903-9-90
9999a9~999990099. 9999 0009990995904 fow,99 .Ma s9 ast~ W : at",iont999 of90951995 9if '9.9110 00900 91'*l ifir9.910 r- ngor. r-v:- N

manfv. ; 0" 999F 99930stiiii- o .'ns. 9900 am c _ -919. 09.990 ,.0 "*9 99909191910 0'0
9550.9990 ~~~~ ~ow C-'.o F-95'*49900190.900999 11.A 991909 9- .9009 9-99 999999S-119* 9990 e'1909809,094 9' 9299

PANE'.999 99ot 'v09909 VZ 99999959990991APA W.059111~199959049 "VW S; -. u, A10a 09 926.5.9 A9 999.0 009:9195.1.999599.9909 W_&n VV-WC-311
499: 99991910 C.991 9 91s P99999.99. was found5 90. Ino9 5959.599 vt. '90990990 7 15405, 14 ' OC W.on1

9.9909999 '30199990o599 81* 599999.l4~59999 99990959 999~99991009 6 99 59944 9~e30A9919999,9999059*, 99'0 1959,
uy9999.999499091109951050099 590w909.9'9.5b k9- S 2 999909519113 1000099999.. W 19991 '0991999

99949..95.94991091,59909,91509999990oftva999999 A911999 ', RA.SfGO1I Ill55.109919559I .- 5 A 9 194.9 ;-V. 5 C90.. 100'95.909099.9,9911110
509019 5 94 I.-09999 ii 9 .o t7109 09991049 999M99999, 009'930.10Post, F.991 '...GA..OA91", 9951149191 999099999995,990of ge * . v.ai Slild a L- 9 991 4 A 6-10995.999994,%- , G 4.9 W - 4~5.*999909.99 TW Wl W 9 ,09990-totatl

bw - 59910"1 -w' WA." 99999990. n"490100MC4 tsups9c909a99Y99 foun 009.501050:, of. A0.- oo. Iq w V.3 O t-or999* . 9 DC -
Oft999099.4 -;. p'ý to *I0-CO .99u5 091 09g9919 b ee o,,of9 59999 I .94.0' 0 00.099 9'ý of 99 pow 99.. 9999 .0. . -. -99991,99 k .990.9'.91.-ee" " 9010990 5 4419
10l._w 915.91999.S. 999-0Now .9a 91t9q099 M49 K,9991,1 "!99'099' 5.991.9-309 1,0..- - . ,V,

tat.' 0199t.-....qr.~~tift 4109C9209,9.9e9 Ad.,.'-f''pc -999o. 99 1 la S -ve 9 .-t. _4909.99 arC.'.9.9~r'9s.. vv 9no
99993.99919 3.01,99991S~b

9
CI9,O AI.000/194.9 90990953 00.9,949.1,9,00.,9989.8090*- Saw -9199'5.9 91.00939

51.9999939 
1

599299
10

1.159919'090094910o5 '4199 95.9999 -o 00-4

ft9j o 99.- 4- so 1 6 509"9 999.99 -90091.999399'4V99'0199999o0 0999990. 9 " 3'9090909949.9 5195 .. 9905909o199'99495509 90_- in,9 59 019.44. 994-P 099 J v
m01901 554. .

9 0
*o,,- 'We'3.90995999.99'9550C99 00'909199.99999*9. IC999A4095. 9909409C999949 99 At59 .- ~9~~ - 00t.111 0' ai . 09 Ift9 *9.'013Sr.990-e9.c 30, .

htX oi0
19

9Of 1.( 4pmll*93) % C 1
9

0 9eo'."''39911099309999'. l.1 40 9909111 t 0.0- !"9 '
9

9
9

9y
9
9o(1

1 1
99999

9
991

4"Opt.00i, w ~ 9104P . -lS'0999 .. ft999 .9919. '9999199142009.9
119 S'atdit 919991,0 99 C99a 999 o e 09599.1 Pme"9o 9C" I35991,'94hftX W%0 39I9549951544 9999,,i '2, W_50n- -an" W O f W99b

V09o.99. 9 5915 9.. 3 Ve I 993 C-0 39994959999999951 oft99991.,909199990 W- 250',95'0914' 90 0.9099999999 9119 CA-CO,.59929oot9 90193 .1.915 94 O9 9
99l0;910999999991 ~ ~ ~ ~ ~ ~ ~ ~ F Do,.99999999595999 09990 -99999'5wo14'91 9p9 90 999999990 9 040.j* 99 C0ft1W 99.930.599.1.k591 99999999'9999919

99990..r1 OF THE;-.99 9999.99.' s90ao'199 0 L9 a9 'sorl s. c:.,3S_99 .. ' H'.o I'M oc05 o' O. 000 9950999.05 59l99 W950990 f.r.ow 39033""" , 9~ 999. ft .' J, C. V - 5.99 5999 C'3639923649

CO ft.o.. 69, a".901 949ý 0.9990009994 ,..' 990,. ft9999 32W6ON0.01., "ua

09995.1 53M 4C 991.903 25 0
0.0. tfl 00w99W 2 T29919 0 ý 4OI 159105'-199n'U".999905?5(19F099~99599 99059'9 099 99999 99 9110 C .909' 909990-.97399.949.900'54o9900959 199'9.9194099011~~~~~~~~~~~~~~~~~~~ I950909 'SaW v94993494991 -. '..9 91509,e 1

9
0

9
'.9.9 999'l-.'.so S.o. At4099

9999.' .~~199599408999 99999990,9999.99109,19p999990999 3 9*9 9 9"919'91993'o'a.930 CW0999o.9.0.9.C.9199.I.a
099.194'1191990519009N91099 N ..0O.1350 3099999495999. 9999101159 .999.999905v9591 9918011

310.30i~j C-cO SOs''I1 DO99C9.0 LA81014ATORIE'S99999. 5. 9500 9990099.9.99' ,c 9909999 90'.199Mir94519 . to19 sk 199950. 99094.9 to 's 5 Woo99 t.m99'959 1w.4~090...84.9 DETROIT 5V9999095599'9 USA 10.5.34,9 1089'9



u ECES

1. Alitas, R.M. (1988). XicrobiologV: Fundamentals and
Applications (2nd ed.). XacMillan Publishing
Company, New York.

2. AndrewsG. (1988). Fluidized-Bed Bioreactors.
Biotechnologv and Genetic Engineering Reviews 6,
151-178.

3. Bastian, E.L.H. (1951). Xetalworkinw Lubricants.
XcGraw-Hill Book Company, Inc., New York.

4. Bennett, E.O. (1972). The Biology of Xetalworking
Fluids. Lubrication Engineers 28, 237-247.

5. Chiffre, L. (1988). Function of Cutting Fluids in
Machining. Lubrication Engineers 44, 514-518.

6. Began, R.C. (1984). The resistance Characteristics of
Pseudomonas aeruxinosa. Development of Industrial
Xicrobioloqv 25, 337-348.

7. Fitch, B.C. (1980). An Encyclopedia of Fluid
Contamination Control. PES, Inc., Stillwater,
Oklahoma.

8. Fitch, B.C. (1988). Fluid Contamination Control. FES,
Inc., Stillwater, Oklahoma.

9. Heinzel, X. (1988). The Phenomena of Resistance of
Disinfectants and Preservatives. In Industrial
Biocides (edited by K.R. Payne), pp 37-51. John
Wiley and Sons, New York.

10. Hugo, V.B. (1967). The Node of Action of Antibacterial
Agents. Journal of Apolied Bacteriology 30(1),
17-50.

11. Lava, M. (1959). Fluidization. McGraw-Hill, New York.

12. Mishra, P.N. and Sutton, P.M. (1990). Biological
Fluidized Bed For Water and Wastewater Treatment: A
State-of-the-Art Review.

13. Olin Chemicals. (1989). Product Data Sheet. 735-037R6.
Bff. 7/89.

14. Olin Chemicals. (1990). Application Data Sheet.
735-049. 3ff. 1/90.

15. Olin Chemicals. (1989). Specification Sheet. 735-041.
3ff. 4/89.

49



50

16. Olin Chemicals. (1989). Product Data Sheet. 735-040.
Eff. 4/89.

17. Olin Chemicals. (1990). Application Data Sheet.
735-027R5. Eff. 8/89.

18. Olin Chemicals. (1989). Specification Sheet. 735-019R5.
Eff. 3/89.

19. Palleroni, N.J. and Doudoroff, X. (1972). Some
Properties and Taxonomics of Genus Pseudomonas.
Annual Review of PhVtopathologv 10: 73-100.

20. Passman, P.J. (1988). Microbial Problems in
Xetalworking Fluids. Lubrication Engineers 44,
431-433.

21. Rohn and Haas Company. (1980). Specialty Chemicals -
Kathon 8886V, Kathon 8886V 1.5 %, Metalworking
Fluid Microbicides, Cs-488.

22. Rossmoore, H.W. (1979). Heterocyclic Compounds. as
Industrial Biocides. Development in Inustrial
MicrobioloqE 20, 41-71.

23. Rossmoore,H.V. and Sondossi, X. (1988). Applications
and Mode of Action of Formaldehyde Conensate
Biocides. Advances in ADplied Xicrobiology 33,
223-277.

24. School of Business Administration Vayne State
University. (1958). Cutting Fluids. School of
Business Administration, WSU, Detroit, Michigan.

25. Sondossi, X., Rossmoore, H.V. and Vireman, J.W. (1986).
Induction and Selection of Formaldehyde-based
resistance in Pseudomonas aeruginosa. Journal of
Industrial Microbiolog7 1, 97-103.

28. Sondossi, M., Rossmoore, H.V. and Vireman, J.V. (1988).
The Effects of Fifteen Biocides on Formaldehyde-
resistant strains of Pseudomonas aeruginosa.
Journal of Industrial Microbiology 1, 87-96.

27. Sondossi, X., Rossmocre, H.V. and Vireman, J.V. (1988).
Relative Formaldehyde Resistance Among Bacterial
Survivors of Biocide-Treated Metalworking Fluid.
International Biodeterioration 25, 423-437.

28. Sutton, P.M. and Mishra, P.N. (1990). Fluidized Bed
Biological Vastewater Treatment: Effects of
Scale-up on System Performance. Water Science and

Technology 22, 419-430.



ABSORACT

CHARACTERIZATION OF BACTERIA FOUND IN METAL-WORKING FLUIDS
AND THE WASTE TREATMENT SYSTEM INVOLVED IN DEGRADATION OF

VASTE WATER

by

TERRIE SUE KAKARA

May, 1991

Advisor: Harold W. Rossmoore

Major: Biological Sciences

Degree: Masters of Science

This paper contains informLtion concerning the microbial

populations in Metal-working Fluids and the waste treatment

system that degrades the waste water. The microorganisms

were isolated and identified and then various chemical tests

were performed on them to determine the effects it had the

microorganisms. These tests included changing the pH of the

environment, determining the blocide MIC, and changing the

carbon source in the environment. These results were then

analysized to see if microorganisms of the same species but

from different location showed any resistant to the tests.

Based on the results obtained on Acinetobacter lwoffi, the

location of this bacterium did not influence the results.
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